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Sir: 

Please amend the above-identified application, filed simultaneously herewith, as 

follows: 



IN THE SPECIFICATION 

Cancel the present specification and substitute therefor the enclosed substitute 
specification. 



IN THE CLAIMS 

Page 17, line 1 change "Patent Claims" to -What is claimed is:". 
Cancel claims 1-14 and add new claims 15-28, reading as follows: 

15. (New) An adjusting device for displacing individual elements of optical 
systems or of measuring systems, comprising: 

abase; 

a piezoelectric actuator arrangement which is supported by the element to be 
displaced for moving the element on said base along a predetermined direction; 

said piezoelectric element being constructed and controllable in such a way that it 
exerts shock pulses on the element in order to carry out a stepwise movement of the element on 
the base; and 

a body which has an open or closed hollow cross section and being supported in a 
frictional engagement on said body, at least at one location, with an intermediary of a 
pretensioned spring device, said element being arranged in said body. 

16. (New) The adjusting device according to claim 15, wherein the body 
has a U-shaped cross section or a circular hollow cross section. 

17. (New) The adjusting device according to claim 15, wherein the element 
has a plate whose shape is substantially adapted to the inner cross section of the body and the 
pretensioned spring device comprises a strip extending at least partially along the outer 
circumference of the plate and has spring tongues which project laterally, over the front side and 
rear side of the plate, and are arranged at a distance from one another, said spring tongues 
extending diagonally from the strip in the direction of the associated inner wall of the body and 
resting against the latter under spring pressure. 

1 8. (New) The adjusting device according to claim 17, wherein another, 
second plate whose shape likewise corresponds substantially to the inner shape of the hollow 



cross section of the body is provided parallel to the displacing element, but is not provided with a 
spring device and is connected with the element to be displaced by a tubular piezo actuator. 



1 9. (New) The adjusting device according to claim 1 7, wherein a 
piezoelectric plate actuator extending parallel to the respective side surface of the body is 
fastened by one end in the vicinity of the two sides on which the spring tongues are arranged, 
wherein the two free ends of the two piezoelectric plate actuators are fastened in turn to a second 
plate arranged parallel to the element to be displaced, wherein the shape of the second plate like 
corresponds substantially to the inner shape of the hollow cross section of the body which, 
however, is not provided with a spring device. 

20. (New) The adjusting device according to claim 1 8, wherein the element 
in the form of a plate and/or the second plate have a receptacle for holding a lens. 

21 . (New) The adjusting device according to claim 1 5, wherein a measuring 
head for scanning a measurement strip, a bar code, or the like, is arranged at the element to be 
displaced, at a terrninating surface in the front or back in relation to the given direction. 

22. (New) The adjusting device according to claim 15, wherein the body is 
formed of a plate, wherein a plate-shaped piezo actuator which is arranged substantially at right 
angles to the respective plate surface is fastened to the two plate surfaces of the plate, and this 
piezo actuator can be deflected in the desired movement direction of the plate when its end 
projecting from the plate is acted upon. 

23. (New) The adjusting device according to claim 22, wherein a mass body 
is fastened to the free ends of the two plate actuators. 

24 (New) The adjusting device according to claim 23, wherein the two 
plate actuators and the mass bodies arranged at their free ends are arranged symmetric to the 
longitudinal center plane of the plate. 
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25. (New) The adjusting device according to claim 21, wherein the two 
piezo actuators are formed by a plate actuator which is guided through the plate. 



26. (New) The adjusting device according to claim 1 5, wherein the element 
to be displaced is constructed so as to be substantially tubular, is arranged concentrically in the 
likewise tubular body and is fastened at one axial end to a radially enlarged guide disk which is 
supported on the inner surface of the tubular body with the intermediary of at least one spring 
element, and wherein the piezoelectric actuator is constructed as a disk-shaped piezo actuator 
which is supported in turn, with the intermediary of at least one spring element, on the inner 
surface of the tubular body. 

27. (New) The adjusting device according to claim 26, wherein the disk- 
shaped piezo actuator is connected on one axial side to the element to be displaced by an elastic, 
tubular coupling member. 

28. (New) The adjusting device according to claim 27, wherein the disk- 
shaped piezo actuator carries a mass on its side located opposite from the element to be moved, 
which mass is arranged concentric to this element. 



IN THE ABSTRACT OF THE DISCLOSURE 

Cancel the present Abstract of the Disclosure and substitute therefor the enclosed 
Abstract of the Disclosure which is attached to the substitute specification.. 

REMARKS 

Claims 1-14 have been cancelled and new claims 15-2& have been added. 
The amendments to the claims have been made only to improve the form of the claims for 
examination purposes. 

The specification and abstract have been amended to conform it to U.S. format. 
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Docket No.: GK-ZEI-3 145/500343.20146 



ADJUSTING DEVICE FOR DISPLACING INDIVIDUAL ELEMENTS 
5 OF OPTICAL SYSTEMS OR OF MEASURING SYSTEMS 

BACKGROUND OF THE INVENTION 

CROSS-REFERENCE TO RELATED APPLICATIONS 
10 This application claims priority of PCT Application Serial No. 

PCT/EP01/02921 filed March 15. 2001 and German Application No. 100 12 
2 751.7? filed March 16 T 2000. the complete disclosures of which are hereby 

incorporated by reference. 

O 

nj 15 a)J Field of the Invention 

The invention is directed to an adjusting device for displacing 
^ individual elements of optical systems or of measuring systems, wherein the element 

^ to be displaced is movable on a base along a predetermined direction by means of a 

piezoelectric actuator arrangement 

u 20 

b)] Description of the Related Art 

Adjusting devices serving to displace individual elements of optical 
systems or of measuring systems on a base along a predetermined direction are used 
in different fields such as in optical instruments [(for displacing lenses or 
25 diaphragms in the millimeter range or in an even smaller adjustment range)] or in 

precision measurement instruments for positioning of objects with nanometer 
precision. 

For this purposej a plurality of drive arrangements are known in 
which driving is carried out by pneumatic, hydraulic or electromechanical means. 
30 However, devices which operate with a piezoelectric drive have proven especially 

suitable. 



-2- 

DE 36 10 540 C, for example, discloses a micromanipulator for 
micromovement of objects which, in order to generate the micromovement, uses 
hollow cylinders which comprise piezoelectric material and bend when supplied 
with voltage and, in this way, cause a stepwise displacement of the object supported 
5 on the hollow cylinder. However, these object movements are not reproducible and 

can therefore not be used for certain applications, e.g., in microscopy. In addition, 
only relatively small adjusting paths are achieved with this known arrangement. 

DE 40 23 3 1 1 A describes an adjusting device for micromovements 
in which the drive is achieved by means of a piezo transducer utilizing the shear 

1 0 effect, wherein the drive elements comprising this piezo transducer not only cause 

movement of the objects resting against them, but also guide them in the movement 
direction. In so doing, the object is pressed against the [(piezo)] drive element with 
a predetermined force by means of a contact pressing device. Drive can be effected 
in such a way that the piezo transducer gradually carries out the shear movement and 

15 carries along with it the object supported thereon, while the restoring or return 

movement of the piezo transducer is carried out quickly by overcoming the friction 
between this piezo transducer and the object. However, in the same way, the piezo 
transducer can also be controlled in the opposite manner; namely, a rapid shear 
movement is initially carried out [(while overcoming the friction)] in which the 

20 object does not move due to its inertia, whereupon a slow return movement is 

carried out in which the object is carried along in this returning direction. In this 
way, it is possible with this known driving means to move the object not only in one 
direction but also in the opposite direction. In this connection, the piezo drive 
elements have supports at their upper sides which are provided with spherical seats 

25 for balls, the moveable object being supported on the balls. It is disadvantageous 

that abrasion occurs due to the shding friction at the ball elements, so that 
functionality is impaired over a long period of use. Also, the attainable adjusting 
speed of the object is relatively slow. 

Finally, DE 691 25 974 T2 and US 5,225,941 A disclose a drive 

30 device for an object which is guided on a rod in a sliding manner, this rod being 



excited in turn by a piezo actuator to expand and contract in longitudinal direction. 
In this connection, a slow expansion and a fast contraction of the rod can also be 
achieved by suitable control of the piezo actuator so that the object is carried along 
due to frictional forces during the slow expansion, while, as a result of its inertia, the 
object remains in place during the fast contraction while overcoming the friction 
forces. Accordingly, it is possible for the object to move forward stepwise in 
longitudinal direction, wherein driving can also be carried out in the opposite 
direction when the piezo element is controlled in the opposite direction [(for fast 
expansion and slow contraction)]. However, expenditure for construction is 
comparatively high in this known construction and a plurality of individual 
arrangement elements must be provided. In addition, the adjustment range between 
the two bearings of the displacing rod is also relatively limited with respect to larger 
adjustment paths. 



OBJECT AND SUMMARY OF THE INVENTION 

On this basis, it is the primary object of the invention to propose an 
improved adjusting device for displacing individual elements for optical systems or 
for measuring systems which enables a particularly fast adjustment along a large 
adjusting path with continuous maximum precision and which can be produced 
economically and constructed in a simple manner. 

According to the invention, this object is met by an adjusting device 
for displacing individual elements of optical systems or of measuring systems, 
wherein the element to be displaced is movable on a base along a predetermined 
direction by means of a piezoelectric actuator arrangement which is supported by the 
element and which is constructed and controllable in such a way that it exerts shock 
pulses on the element in order to carry out a stepwise movement of the element on 
the base, wherein the element is arranged in a body which has an open or closed 
hollow cross section and is supported in a frictional engagement on this body, at 
least at one location, with the intermediary of a pretensioned spring device. The 
body preferably has a U-shaped cross section or a circular hollow cross section. 
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In the adjusting device according to the invention., the piezoelectric 
actuator arrangement is supported by the displaced element itself and is constructed 
and controllable in such a way that shock pulses are exerted on the element itself by 
the piezoelectric deflections. By means of the impact forces acting on the element 
5 due to the shock pulses, this element can be moved forward stepwise in a direction 

corresponding to the direction of the shock pulses when the friction between the 
element and its base is exceeded. However, due to the fact that the piezoelectric 
actuator is supported by the element itself, this means that the element carries all of 
the devices of its piezoelectric drive itself and, therefore, in principle, has an 

10 adjusting range that is as large as desired. In this case, the element can be moved in 

the relevant direction in principle for as long as the piezoelectric actuator continues 
sending its shock pulses, so that a very large adjusting path can easily be realized 
when using the adjusting device according to the invention. 

Because of the frictionally engaging support of the body on at least 

15 one point on its base with the intermediary of a pretensioned spring device, a 

frictional force is initially generated which serves in the switched off state of the 
actuator arrangement to fix the moved element in position and ensures that once a 
position has been reached it will not change again in an unwanted manner. 
Accordingly, it is also possible with the adjusting arrangement according to the 

20 invention to carry out adjusting movements in the direction of or at an inclination to 

gravitational force in order, for example, to adjust an element upward from a lower 
position [(or vice versa)] in a vertically extending pipe. By means of the spring, it 
can easily be ensured that when the element reaches a determined adjusting position 
it will also remain in this adjusting position even with continuously acting 

25 gravitational force, wherein adjusting steps of identical magnitude can be achieved 

in the ascending direction as well as in the descending direction. The only 
prerequisite in this respect is that the occurring friction force is greater than the 
maximum load on the actuator in every case. 

In a preferred construction of the adjusting device according to the 

30 invention, the element to be displaced has a plate whose shape is substantially 
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adapted to the inner cross section of the body and in which the pretensioned spring 
device comprises a strip extending at least partially along the outer circumference of 
the plate and has spring tongues which project laterally, preferably over the front 
side and rear side of the plate, and are arranged at a distance from one another, these 
5 spring tongues extending diagonally from the strip in the direction of the associated 

inner wall of the body and resting against the latter under spring pressure. In this 
connection, it is particularly preferred that another, second plate whose shape 
likewise corresponds substantially to the inner shape of the hollow cross section of 
the body is provided parallel to the displacing element, but is not provided with a 
1 0 spring device and is connected with the element to be displaced by a tubular piezo 

actuator 

Alternatively, instead of the tubular piezo actuator, it can also be 
provided that a piezoelectric plate actuator extending parallel to the respective side 
surface of the body can be fastened by one end between the two plates in the vicinity 
1 5 of the two sides on which the spring tongues are arranged at the one plate, wherein 

the other ends of the two piezoelectric plate actuators are fastened in turn to the 
second plate arranged parallel to the element to be displaced. 

These solutions have the advantage of particularly small overall 
structural dimensions which allows them to be applied in particular for zoom 
20 objectives in stereo microscopes. In addition, the structural solution is quite simple. 

The inertia body [(namely, the element to be displaced)] is connected with the 
second plate only by the piezo actuator [(piezo tube or the two piezo plates)] and 
serves at the same time to guide the actuator. 

The element in the form of a plate and/or the second plate preferably 
25 have/has a receptacle for holding, e.g., a lens, and accordingly also serves as the lens 

mount, so that the position of the lens can be displaced in a corresponding manner 
by means of the displacement of the element. 

A particularly preferred construction of the invention consists in that 
a measuring head for scanning a measurement strip, a bar code, or the like, is 
30 arranged at the element to be displaced, preferably at its terminating surface in the 



front or back in relation to the movement direction, which again provides a very 
simple construction solution which can also be produced economically. 

Another preferred construction of the adjusting device according to 
the invention consists in that the body is formed of a plate, wherein a plate-shaped 
piezo actuator which is arranged substantially at right angles to the respective plate 
surface is fastened to the two plate surfaces of the plate, and this piezo actuator can 
be deflected in the desired movement direction of the plate when its end projecting 
from the plate is acted upon. In this connection, a mass body is preferably fastened 
to the free ends of the two plate actuators [(each of which projects on one side of the 
body)], wherein, again preferably, the two plate actuators and the mass bodies 
arranged at their free ends are arranged symmetric to the longitudinal center plane of 
the plate. The two piezo actuators can preferably also be formed by a plate actuator 
which is guided through the plate and projects on both sides. 

These embodiments of the adjusting device according to the 
invention provide a particularly simple, very economical construction which can 
also easily be manufactured on a large scale but with which very precise and 
reproducible adjusting movements can nevertheless be carried out without difficulty. 

La another especially advantageous construction of the adjusting 
device according to the invention, the element to be displaced is constructed so as to 
be substantially tubular [(e.g., it can be formed by a lens arrangement)], is arranged 
concentrically in the likewise essentially tubular body and is fastened at one axial 
end to a radially enlarged guide disk which is supported radially on the inner surface 
of the tubular body with the intermediary of at least one spring element, wherein the 
piezoelectric actuator is constructed in this instance as a disk-shaped piezo actuator 
which is supported in turn, likewise with the intermediary of at least one spring 
element, radially on the inner surface of the tubular body. In a particularly preferred 
manner, the disk-shaped piezo actuator is connected on one axial side to the element 
to be displaced by an elastic, tubular coupling member, wherein it also preferably 
carries a mass on its side located axially opposite from the element to be moved, 
which mass is arranged concentric to this element. 



This embodiment form of the invention provides an excellent, very 
economical and highly precise adjustment possibility, e.g., for lens systems, which is 
advantageous for its simple construction and excellent efficiency. 

In the following, the invention, in principle, will be described more 
fully by way of example with reference to the drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 

Fig. 1 shows a perspective schematic view of a first embodiment 
form of an adjusting device according to the invention; 

Fig. 2 shows another embodiment form of an adjusting device 
according to the invention similar to that in Fig. 1 but coupled with a path 
measurement system; 

Fig. 3 shows [(partially in section)] an embodiment form of another 
adjusting device according to the invention in connection with a path measuring 
system; 

Fig. 4 shows [(partially in section)] a perspective view of another 
embodiment form of an adjusting device according to the invention with a path 
measuring system; 

Fig. 5 shows a graph of the voltage curve of the excitation voltage for 
the piezo drive of an adjusting device according to the invention with sawtooth 
voltage change and a graph of the associated deflection of the piezo element, over 
time in each instance; and 

Fig. 6 shows another embodiment form of an adjusting device 
according to the invention with disk-shaped piezo actuators. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An adjusting device according to the invention is shown 
schematically in an oblique perspective view in Fig. 1 . An element 2 to be adjusted 
or moved is formed as a plate 2 and located on the base 1 . 



The base 1 is constructed as a plane base forming a recess 3 within 
which the plate-shaped element 2 is located. The width of the recess 3 is selected in 
such a way that the lateral boundary walls of the recess 3 serve as lateral guide walls 
for the plate-shaped element 2 [(with the intermediary of lateral support springs, see 
below)] which is accordingly enclosed on its underside as well as on its two side 
surfaces by the base 1 in the form of a hollow cross section opening upward. By 
hollow cross section is meant a cross section ensuring a support of the plate-shaped 
element 2 on at least three sides of the same. 

The plate-shaped element 2 should be moved in longitudinal direction 
of the recess 3, namely, in direction x or in the opposite direction -x indicated by the 
arrow. 

For this purpose, a plate-shaped piezo bending actuator 4 is provided 
approximately in the center of the plate-shaped element 2 [(seen in its extension in 
movement direction x)], passes through the plate-shaped element 2 and protrudes on 
both sides thereof by the same distance /. A mass 5 and 6 is arranged respectively 
on both protruding ends. The mass 5 and 6 is shown only schematically in Fig. 1 in 
the form of a cylindrical body extending along the length of the respective end. 

This piezoelectric bending plate actuator [(piezo element)] 4 is shown 
as a piezoelectric bender or bimorph, as it is called, and has a thickness e. In the 
same way, however, the piezo element 6 could also be constructed as a unimorph or 
multimorph, wherein the latter comprises a plurality of right-polarized and left- 
polarized piezo foils which are arranged alternately side by side and form a left and 
right foil stack between which is arranged an insulating foil. 

As is shown only schematically in Fig. 1, a voltage U A is applied to 
the piezo element 4, this voltage U A being varied in a suitable manner in order to 
constantly deflect the piezo actuator 4 on both sides of the plate-shaped element 2 in 
the desired adjusting direction [(and return it to the initial position again)]. In so 
doing, shock pulses constantly act on the plate-shaped element 2 and, as a result of 
the impact forces exerted on the latter, cause a stepwise movement of the plate- 
shaped element 2 to be carried out by overcoming the friction between the plate- 



shaped element 2 and the floor 7 and side walls of the recess 3. By suitable selection 
of the voltage, a movement can be achieved in direction x as well as in the opposite 
direction — x. However, the adjustment step of the element 2 is only a fraction of the 
excursion distance of the piezo actuator 4. 

The piezo actuator is operated in resonance with short frequencies in 
the range of 5 to 50 kHz depending on type, wherein the control voltages are 6 to 40 
V. The step size of known piezo actuators is 0.2 jam and their adjusting speed is 
about 100 mm/s. Known piezo actuators which can be used in this case can move 
masses of up to a maximum of 100 g [(also vertically)]. 

As is shown in Fig. 1, the plate-shaped element 2 is provided at its 
two longitudinal sides with laterally projecting spring elements 8 by which it is 
supported on both sides against the side walls of the recess 3 with predetermined 
pretensioning. Spring tongues made of spring steel which are relatively stiff 
considered in the movement direction but which have good elastic deformability at 
right angles to the movement direction are preferred for this purpose. The 
pretensioning of the spring tongues 8 in the installed state is selected in such a way 
that the friction force occurring between them and the side walls of the recess 3 and 
the friction force occurring at the floor of the recess 3 with the plate-shaped element 
is greater as a whole than the load of the plate-shaped element 2 with the piezo 
actuator 4 fastened to it and its weights 5, 6; specifically, it is so much greater that 
the friction which occurs during a movement of the element 2, which is smaller, also 
still always exceeds the above-mentioned load of the element 2 with parts arranged 
thereon. In this way, it is ensured that the element 2 will occupy a secure semi- 
position in case of outage of the drive even with vertical movement. Accordingly, it 
is also possible to drive the plate-shaped element 2, e.g., in a vertical or almost 
vertical direction [(although the base 1 must be correspondingly constructed in this 
case)], which ensures that the plate-shaped element 2 can not fall out of the open 
side of the recess 3. Thus, due to the spring tongues, also when the element 2 moves 
vertically for example, the element 2 remains at the location that has been reached 
when the drive is turned off even under the influence of gravitational force. 
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The piezo actuator 4 can be controlled in different ways: The 
electrical control of the piezo actuator 4 can be carried out in any suitable maimer 
such as, e.g., with sawtooth pulses [(see Fig. 5)] or also, e.g., by means of suitable 
rectangular pulses. 

5 When controlled with sawtooth pulses, as is shown in Fig. 5, the 

steep side causes the adjusting step due to a high acceleration of the piezo element 4 
[(which must be suitable for overcoming the adhesion friction)], while no adjusting 
step occurs with the flat side due to the low acceleration [(which can not overcome 
the adhesion friction)]. 

10 The deflection of the piezo element^ is plotted over time t in Fig. 5 

P which also shows the curve of the voltage U over time t. 

Jj In the initial area I, the relatively flat side of the sawtooth voltage 

jj2_ brings about a moderate acceleration of the center of gravity of the inert mass in the 

S3 system which was initially at rest; generally, the acceleration force remains less than 

fU 15 the friction force so that no movement occurs. 

p A steep side of the sawtooth voltage in the opposite direction follows 

in area II. Due to the sudden strong reversal of polarity of the electric voltage in 
y connection with the deflection of the piezo element 4 achieved up to this point with 

KJ the inert masses 5, 6 arranged at this piezo element 4, this steep side leads to a large 

20 shock-like force acting on the element 2 to be moved. The large acceleration of the 

inert mass is clearly shown by the sharp curvature of the path characteristic y[(t)]. 
After this point in time, the sliding movement then generally begins in the friction 
surface, wherein the friction work performed draws mechanical energy from the 
oscillatory system. 

25 In the following phase III, the oscillation amplitude decreases again 

appreciably and the inert mass is again gradually delayed and accelerated back over 
the course of the following flat sawtooth side. 

Finally, in phase IV, after the next positive sawtooth peak is reached, 
a new cycle is begun insofar as the pulse train continues. 
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Fig. 1 further shows that an opening 9 is formed on the floor 7 of the 
recess 3, the width of this opening 9 being somewhat greater than the width of the 
piezo actuator 4. In this way, the piezo actuator can protrude on both sides of the 
element 2 to be moved without impairing the movability of the element 2. 
5 Fig. 2 shows schematically an almost identical arrangement to the 

one shown in Fig. 1, wherein, however, the plate-shaped element 2 to be moved is 
coupled with a path measurement system 10. 

However, in contrast to the embodiment form shown in Fig. 1 , the 
piezoelectric actuator 4 in the embodiment form according to Fig. 2 is no longer 

10 arranged in the center of the plate-shaped element 2 [(with reference to the 

longitudinal extension of the element 2)], but rather in its front area with respect to 
movement direction x, namely, in such a way that [(as is shown in Fig. 2)] the piezo 
actuator 4 is located approximately in the center of the longitudinal extension of the 
element 2 lying outside of the bridge 1 1 . 

15 Another change from the construction according to Fig. 1 consists in 

that a pretensioned springing contact pressing device is arranged against the side 
wall of the recess 3 on only one side of the plate-shaped element 2 in the 
arrangement according to Fig. 1 rather than on both sides. As can be seen from Fig. 
2, this is a spring pin 15 which is formed at the side of the plate-shaped element 2 

20 and which is provided with a thickened projection 16 on its side located toward the 

facing side wall of the recess 3, which thickened projection 16 rests against this side 
wall in a springing manner. The spring pin 15 is formed as a thin side wall of an 
opening in the element 2, as is shown in Fig. 2. 

In addition to the embodiment form which has already been described 

25 with reference to Fig. 1 , a bridge 1 1 with a Hall probe 12 is arranged on the base 1 . 

In addition, a permanent magnet 13 is fastened by a suitable connection 14 to the 
upper side of the element 2 to be moved. The relative movement between the 
element 2 and the base 1 can be measured with this measuring arrangement. 

However, all other conventional and known measuring systems in 

30 optical precision instrument construction, e.g., numeric measuring systems or the 
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like, can also be used to measure this relative movement between the element 2 and 
the base 1 . For the sake of simplicity, the electrical connection between the output 
U M and the measuring arrangement and evaluating electronics is not shown in Fig. 2. 

The contact pressing force F Q acting between the projection 16 and 
5 the side wall of the recess 3 comes about due to the elastic bending of the spring pin 

1 5. Li this way, friction forces whose magnitude can be fixed in a defined manner 
can be generated [(naturally, these friction forces are in addition to the friction forces 
on the other side of the plate-shaped element 2 with the side surface of the base 1 
located at the latter and on its underside with the floor of the recess 3, at least in the 

1 0 side areas in which a support takes place)]. 

Of course, a plurality of springing contact pressure locations of the 
kind mentioned above can be provided along the length of the element 2 on one side 
thereof or on both sides, as can other suitable springing contact pressing devices 
which permit an adjustment of the total friction forces to be overcome by the piezo 

15 actuator 4. 

Fig. 3 shows a perspective schematic view, partially in section, of 
another embodiment form of an adjusting device according to the invention which is 
distinguished by a small and compact size, economic manufacture and particularly 
smooth ranning. 

20 In this connection, the base 1 is constructed in the form of a hollow 

section [(guide pipe)] which is rectangular in cross section and which is also open on 
one side [(e.g., toward the top in the view shown in Fig. 3)] and which can be made, 
e.g., from a fiber-reinforced plastic. 

As is shown in Fig. 3, the element 2 to be displaced is constructed in 

25 the form of a plate which is essentially adapted to the inner cross section of the body 

or base 1 . 

The pretensioned spring device by which the element 2 to be moved 
is supported on the base 1 is constructed in the form of spring tongues 8 and 8* 
which are arranged at two opposite sides at the outer circumference of the plate- 
30 shaped element 2 and which project on both sides from a center strip 18 extending 
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vertically along this side and are inclined at a slight angle relative to the facing side 
surface of the base 1 and are supported at their free ends in this location. 

The element 2 to be moved has a round opening, e.g., for holding a 
lens 19, having a diameter of 15 mm, for example. 

A second plate-shaped element 20 [(made of brass)] which is shaped 
in the same manner is arranged so as to be offset axially relative to the element 2 by 
a distance A and has no spring tongues on the sides at which the lateral spring 
tongues 8 are located in the plate-shaped element 2. Rather, these sides of the 
element 20 are not in contact with the facing side wall of the base 1, but rather form 
a small gap relative to the latter. 

As is shown in detail in Fig. 3, the plate-shaped elements 2 and 20 are 
connected with one another at their end areas adjacent to the two facing side surfaces 
of the base 1 by means of two piezoelectric plate actuators 21 and 22, wherein the 
piezo actuators 21 and 22 extend parallel to the respective side walls of the base 1 
and are suitably fastened by their end faces to the elements 2 and 20, respectively. 

A measuring head 23 [(e.g., a measurement light barrier)] which can 
scan a code 25 [(in the form of a bar code or measurement strip, for example)] 
arranged on the facing base surface 24 of the base 1 with reference to the movement 
direction of the arrangement is arranged at the surface of the plate-shaped element 2 
located in front with respect to the movement direction. 

As is shown only schematically in Fig. 3, the electrical pulses for the 
piezo plates 21, 22 are supplied by regulating electronics 26 which are connected in 
turn to measurement electronics 35 which are connected to the measuring head 23 
and which trigger the sinusoidal path measurement signal supplied by the measuring 
head. This arrangement, which is only shown schematically, makes it possible to 
accurately approach, e.g., a reference position for the element 2 to be adjusted which 
can be predetermined by a device, not shown. 

Finally, Fig. 4 shows another embodiment example for an adjusting 
device according to the invention in the form of a piezoelectric linear drive module 
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which is coupled with a path measuring system. The drawing shows an oblique 
perspective [(with a partial sectional view)]. 

In this case, the base 1 is plate-shaped and carries, approximately in 
its center, a code 25 in the form of a grid scale [(e.g., with a grid spacing of 20 urn)]. 
5 A cover 27 which is U-shaped in cross section is arranged on the base 

1. On its side opposite the base 1, the cover 27 is provided with a longitudinal slot 
28 oriented to the code strip 25. 

An element 2 to be moved is provided inside the hollow cross section 
formed by the base 1 and cover 27. This element 2 is movable in longitudinal 
10 direction of the overall arrangement, that is, in longitudinal direction of the slot 28, 

O by a piezoelectric drive which will be described more fully in the following. A 

/g measuring or reading head 23 for scanning the code 25 is provided at the side of the 

jj? element 2 located in front with respect to the movement direction. A reflected light 

% i barrier or an optoelectronic transmitter and receiver can be used, for example, as a 

fy 1 5 measuring head of this kind. 

The element 2 is so constructed in cross section that it essentially fills 
fi? the free interior space between the cover 27 and the base 1 in cross section and is 

Li provided at its upper side with a blocking projection 29 which projects into the 

5j longitudinal slot 28 and preferably runs up to the outer surface of the corresponding 

20 side of the cover 27. An internal thread 30, for example, for screwing on a part to be 

moved is arranged in this blocking projection 29 outside of the overall arrangement 
shown in the drawing. 

As can be seen from the view in Fig. 4, the element 2 forming the 
displacing body has spring elements 8 and 8', respectively, on its side facing the 
25 observer as well as on its side facing the base 1 . These spring elements 8 and 8' are 

constructed as spring tongues which proceed from a center strip 18 and extend in the 
movement direction and opposite the movement direction and project in each 
instance over the corresponding front side and back side of the displacing body 2. 
These spring tongues 8 and 8* are inclined at a small angle to the facing contact 
30 surface [(that is, toward the respective lateral side of the cover 27 or base 1)], where 
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they make springing contact with their end areas. An excellent displacing support of 
the displacing body 2 which is free of play is achieved by this arrangement of the 
spring elements 8 and 8'. 

The driving of the displacing body 2 is carried out by means of a 
5 plate-shaped piezo actuator 31 which is fastened to the displacing body 2 on the side 

of the latter located opposite the measuring head 25, extends parallel to the base 1 
and has a block-shaped mass body or inertia body 32 at its free end; however, this 
mass body or inertia body 32 has no independent springing support relative to the 
base 1 and side walls of the cover 27 [(as can also be seen from Fig. 4)], but rather is 

10 fastened freely to the end of the piezoelectric actuator 31. A piezoelectric plate with 

top and bottom electrodes and, for example, with a length of 8 mm, a width of 16 
mm and a thickness of 0.5 mm is preferably used as a piezo actuator 3 1 . 

The electric piezo actuator 31 and the measuring head 23 can be 
controlled via electric connections 33 which, as is shown in Fig. 4, exit on the top of 

15 the displacing body 2, namely, in a gap formed between one side of the block 

projection 29 and the facing side of the longitudinal slot 28. 

The spring tongues 8 and 8' provide for the desired friction force 
[(which is particularly important with respect to a vertical movement)] and for 
guiding the displacing body without play within the follow space formed by the 

20 cover 27 and base 1 . 

The piezoelectric linear drive modules which are shown in Fig. 3 or 
Fig. 4 are very well-suited for use in incremental path measuring systems, wherein 
the very inexpensive manufacture and simple design solution are also particularly 
remarkable for the low cost of the piezo plate. Both embodiment forms operate 

25 extensively without noise, which is likewise a great advantage. 

Fig. 6 shows a schematic view of another adjusting device in which 
the body i forming the friction base is constructed as a sleeve-shaped tube. The 
view in Fig. 6 is executed in such a way that the sleeve-shaped body 1 is cut along a 
diameter but the adjusting device located therein is not shown in section, the whole 

30 being shown in perspective. 
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In this case, a disk-shaped piezo element 40 which is supported on 
the inner surface of the sleeve-shaped body 1 by spring elements 41 [(shown only 
schematically in Fig. 6)] is provided as piezoelectric actuator. 

The element 2 to be moved which can be formed in the present 
embodiment example, e.g., by a lens group [(not shown)] and which is constructed 
in a tubular manner and is arranged concentrically within the sleeve-shaped body 1 
is centrally connected with the disk-shaped piezo element 40 by an elastic coupling 
member 42, wherein an added mass 45 [(which, as is shown in the present 
embodiment example, can also comprise an end portion of the tubular body 2 which 
is guided through the disk-shaped piezo actuator 40 and projects over its opposite 
side)] is arranged at the piezo element 40 on the opposite axial side. 

A guide disk 43 which is supported on the radial outside opposite to 
the inner side of the sleeve-shaped body 1 by one or more spring elements 44 serves 
to guide and reinforce the body 2 and the lens group which forms the latter. 

The disk-shaped piezo actuator 40 used in this case causes a 
translational movement of the system comprising itself, the mass 45, the elastic 
coupling member 42, the connected lens group 2 and the guide disk 43 and spring 
elements 41 and 44. 

The size of the mass 45 connected to the disk-shaped piezo actuator 
40 corresponds to about 50% of the mass of the disk-shaped piezo actuator 40 and 
elastic head element 42. 

As is shown only schematically in Fig. 6, the disk-shaped piezo 
actuator 40 is controlled via electric connections 46 across which a voltage U A is 
applied, resulting in an accelerated bending of the disk-shaped piezo actuator 40 in 
the form of defined positive or negative voltage pulses. In this case, for example, a 
bending of the piezo actuator 40 takes place in -x direction which, due to the inertia 
of the disk-shaped piezo actuator 40 in connection with the mass 45 and the action 
of the spring elements 41, causes a movement of the system in +x direction. A 
movement of the lens group 2 in the opposite direction is generated in an analogous 
manner when the polarity of the voltage is reversed. 
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While the foregoing description and drawings represent the 
present invention* it will be obvious to those skilled in the art that various 
changes may be made therein without departing from the true spirit and scope 
of the present invention. 




Abstract of the Disclosure 

In an adjusting device for displacing individual elements [(2)] of 
optical systems or of measuring systems in which the element to be displaced is 
movable on a base [(1)] along a predetermined direction [(x)] by means of a 
piezoelectric actuator arrangement [(21, 22)] which is supported by the element [(2)1 
and which is constructed and controllable in such a way that it exerts shock pulses 
on the element [(2)] in order to carry out a stepwise movement of the element [(2)] 
on the base [(1)], the element [(2)] is arranged in a body [(1; 27)] which has an open 
or closed hollow cross section and is supported in a frictional engagement on this 
body, at least at one location, with the intermediary of a pretensioned spring device 
[(8, 801- 
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[(Fig. 3)] 
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15 a) Field of the Invention 

The invention is directed to an adjusting device for displacing 
individual elements of optical systems or of measuring systems, wherein the element 
to be displaced is movable on a base along a predetermined direction by means of a 
piezoelectric actuator arrangement. 

20 

b) Description of the Related Art 

Adjusting devices serving to displace individual elements of optical 

systems or of measuring systems on a base along a predetermined direction are used 

in different fields such as in optical instruments (for displacing lenses or diaphragms 
25 in the millimeter range or in an even smaller adjustment range) or in precision 

measurement instruments for positioning of objects with nanometer precision. 

For this purpose, a plurality of drive arrangements are known in 

which driving is carried out by pneumatic, hydraulic or electromechanical means. 

However, devices which operate with a piezoelectric drive have proven especially 
30 suitable. 



DE 36 10 540 C, for example, discloses a micromanipulator for 
micromovement of objects which, in order to generate the micromovement, uses 
hollow cylinders which comprise piezoelectric material and bend when supplied 
with voltage and, in this way, cause a stepwise displacement of the object supported 
5 on the hollow cylinder. However, these object movements are not reproducible and 

can therefore not be used for certain applications, e.g., in microscopy. In addition, 
only relatively small adjusting paths are achieved with this known arrangement. 

DE 40 23 3 1 1 A describes an adjusting device for micromovements 
in which the drive is achieved by means of a piezo transducer utilizing the shear 
10 effect, wherein the drive elements comprising this piezo transducer not only cause 

movement of the objects resting against them, but also guide them in the movement 
2f direction. In so doing, the object is pressed against the (piezo) drive element with a 

predetermined force by means of a contact pressing device. Drive can be effected in 
such a way that the piezo transducer gradually carries out the shear movement and 
1 5 carries along with it the object supported thereon, while the restoring or return 

movement of the piezo transducer is carried out quickly by overcoming the friction 
between this piezo transducer and the object. However, in the same way, the piezo 
transducer can also be controlled in the opposite manner; namely, a rapid shear 
movement is initially carried out (while overcoming the friction) in which the object 
20 does not move due to its inertia, whereupon a slow return movement is carried out in 

which the object is carried along in this returning direction. In this way, it is 
possible with this known driving means to move the object not only in one direction 
but also in the opposite direction. In this connection, the piezo drive elements have 
supports at their upper sides which are provided with spherical seats for balls, the 
25 moveable object being supported on the balls. It is disadvantageous that abrasion 

occurs due to the sliding friction at the ball elements, so that functionality is 
impaired over a long period of use. Also, the attainable adjusting speed of the object 
is relatively slow. 

Finally, DE 691 25 974 T2 and US 5,225,941 A disclose a drive 
30 device for an object which is guided on a rod in a sliding manner, this rod being 
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excited in turn by a piezo actuator to expand and contract in longitudinal direction. 
In this connection, a slow expansion and a fast contraction of the rod can also be 
achieved by suitable control of the piezo actuator so that the object is carried along 
due to frictional forces during the slow expansion, while, as a result of its inertia, the 
5 object remains in place during the fast contraction while overcoming the friction 

forces. Accordingly, it is possible for the object to move forward stepwise in 
longitudinal direction, wherein driving can also be carried out in the opposite 
direction when the piezo element is controlled in the opposite direction (for fast 
expansion and slow contraction). However, expenditure for construction is 
10 comparatively high in this known construction and a plurality of individual 

arrangement elements must be provided. In addition, the adjustment range between 
the two bearings of the displacing rod is also relatively limited with respect to larger 
adjustment paths. 

15 O B J ECT A N D SUMMAR Y O F THE INVENT I ON 

On this basis, it is the primary object of the invention to propose an 
improved adjusting device for displacing individual elements for optical systems or 
for measuring systems which enables a particularly fast adjustment along a large 
adjusting path with continuous maximum precision and which can be produced 

20 economically and constructed in a simple manner. 

According to the invention, this object is met by an adjusting device 
for displacing individual elements of optical systems or of measuring systems, 
wherein the element to be displaced is movable on a base along a predetermined 
direction by means of a piezoelectric actuator arrangement which is supported by the 

25 element and which is constructed and controllable in such a way that it exerts shock 

pulses on the element in order to carry out a stepwise movement of the element on 
the base, wherein the element is arranged in a body which has an open or closed 
hollow cross section and is supported in a frictional engagement on this body, at 
least at one location, with the intermediary of a pretensioned spring device. The 

30 body preferably has a U-shaped cross section or a circular hollow cross section. 
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In the adjusting device according to the invention, the piezoelectric 
actuator arrangement is supported by the displaced element itself and is constructed 
and controllable in such a way that shock pulses are exerted on the element itself by 
the piezoelectric deflections. By means of the impact forces acting on the element 
5 due to the shock pulses, this clement can be moved forward stepwise in a direction 

corresponding to the direction of the shock pulses when the friction between the 
element and its base is exceeded. However, due to the fact that the piezoelectric 
actuator is supported by the element itself, this means that the element carries all of 
the devices of its piezoelectric drive itself and, therefore, in principle, has an 
10 adjusting range that is as large as desired. In this case, the element can be moved in 

the relevant direction in principle for as long as the piezoelectric actuator continues 
sending its shock pulses, so that a very large adjusting path can easily be realized 
when using the adjusting device according to the invention, 
ffj Because of the frictionaily engaging support of the body on at least 

3 15 one point on its base with the intermediary of a pretensioned spring device, a 

D fractional force is initially generated which serves in the switched off state of the 

1^ actuator arrangement to fix the moved element in position and ensures that once a 

JSJ position has been reached it will not change again in an unwanted manner. 

Accordingly, it is also possible with the adjusting arrangement according to the 
20 invention to carry out adjusting movements in the direction of or at an inclination to 

gravitational force in order, for example, to adjust an element upward from a lower 
position (or vice versa) in a vertically extending pipe. By means of the spring, it can 
easily be ensured that when the element reaches a determined adjusting position it 
will also remain in this adjusting position even with continuously acting 
25 gravitational force, wherein adjusting steps of identical magnitude can be achieved 

in the ascending direction as well as in the descending direction. The only 
prerequisite in this respect is that the occurring friction force is greater than the 
maximum load on the actuator in every case. 

In a preferred construction of the adjusting device according to the 
30 invention, the element to be displaced has a plate whose shape is substantially 
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adapted to the inner cross section of the body and in which the pretensioned spring 
device comprises a strip extending at least partially along the outer circumference of 
the plate and has spring tongues which project laterally, preferably over the front 
side and rear side of the plate, and are arranged at a distance from one another, these 
5 spring tongues extending diagonally from the strip in the direction of the associated 

inner wall of the body and resting against the latter under spring pressure. In this 
connection, it is particularly preferred that another, second plate whose shape 
likewise corresponds substantially to the inner shape of the hollow cross section of 
the body is provided parallel to the displacing element, but is not provided with a 
10 spring device and is connected with the element to be displaced by a tubular piezo 

actuator. 

Alternatively, instead of the tubular piezo actuator, it can also be 
provided that a piezoelectric plate actuator extending parallel to the respective side 
surface of the body can be fastened by one end between the two plates in the vicinity 
15 of the two sides on which the spring tongues are arranged at the one plate, wherein 

the other ends of the two piezoelectric plate actuators are fastened in turn to the 
second plate arranged parallel to the element to be displaced. 

These solutions have the advantage of particularly small overall 
^ structural dimensions which allows them to be applied in particular for zoom 

20 objectives in stereo microscopes. In addition, the structural solution is quite simple. 

The inertia body (namely, the element to be displaced) is connected with the second 
plate only by the piezo actuator (piezo tube or the two piezo plates) and serves at the 
same time to guide the actuator. 

The element in the form of a plate and/or the second plate preferably 
25 have/has a receptacle for holding, e.g., a lens, and accordingly also serves as the lens 

mount, so that the position of the lens can be displaced in a corresponding manner 
by means of the displacement of the element. 

A particularly preferred construction of the invention consists in that 
a measuring head for scaruiing a measurement strip, a bar code, or the like, is 
30 arranged at the element to be displaced, preferably at its terminating surface in the 
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front or back in relation to the movement direction, which again provides a very 
simple construction solution which can also be produced economically. 

Another preferred construction of the adjusting device according to 
the invention consists in that the body is formed of a plate, wherein a plate-shaped 
5 piezo actuator which is arranged substantially at right angles to the respective plate 

surface is fastened to the two plate surfaces of the plate, and this piezo actuator can 
be deflected in the desired movement direction of the plate when its end projecting 
from the plate is acted upon. In this connection, a mass body is preferably fastened 
to the free ends of the two plate actuators (each of which projects on one side of the 

10 body), wherein, again preferably, the two plate actuators and the mass bodies 

arranged at their free ends are arranged symmetric to the longitudinal center plane of 
the plate. The two piezo actuators can preferably also be formed by a plate actuator 
which is guided through the plate and projects on both sides. 

These embodiments of the adjusting device according to the 

15 invention provide a particularly simple, very economical construction which can 

also easily be manufactured on a large scale but with which very precise and 
reproducible adjusting movements can nevertheless be carried out without difficulty. 

In another especially advantageous construction of the adjusting 
device according to the invention, the element to be displaced is constructed so as to 

20 be substantially tubular (e.g., it can be formed by a lens arrangement), is arranged 

concentrically in the likewise essentially tubular body and is fastened at one axial 
end to a radially enlarged guide disk which is supported radially on the inner surface 
of the tubular body with the intermediary of at least one spring element, wherein the 
piezoelectric actuator is constructed in this instance as a disk-shaped piezo actuator 

25 which is supported in turn, likewise with the intermediary of at least one spring 

element, radially on the inner surface of the tubular body. In a particularly preferred 
manner, the disk-shaped piezo actuator is connected on one axial side to the element 
to be displaced by an elastic, tubular coupling member, wherein it also preferably 
carries a mass on its side located axially opposite from the element to be moved, 

30 which mass is arranged concentric to this element. 



This embodiment form of the invention provides an excellent, very 
economical and highly precise adjustment possibility, e.g., for lens systems, which is 
advantageous for its simple construction and excellent efficiency. 

In the following, the invention, in principle, will be described more 
fully by way of example with reference to the drawing. 

RRTEF DESCRIPTION OF TTTR DRAWINGS 
In the drawings: 

Fig. 1 shows a perspective schematic view of a first embodiment 
form of an adjusting device according to the invention; 

Fig. 2 shows another embodiment form of an adjusting device 
according to the invention similar to that in Fig. 1 but coupled with a path 
measurement system; 

Fig. 3 shows (partially in section) an embodiment form of another 
adjusting device according to the invention in connection with a path measuring 
system; 

Fig. 4 shows (partially in section) a perspective view of another 
embodiment form of an adjusting device according to the invention with a path 
measuring system; 

Fig. 5 shows a graph of the voltage curve of the excitation voltage for 
the piezo drive of an adjusting device according to the invention with sawtooth 
voltage change and a graph of the associated deflection of the piezo element, over 
time in each instance; and 

Fig. 6 shows another embodiment form of an adjusting device 
according to the invention with disk-shaped piezo actuators. 

DESCRIPTION OF THE PREFERRE D EMBODIMENTS 

An adjusting device according to the invention is shown 
schematically in an oblique perspective view in Fig. 1. An element 2 to be adjusted 
or moved is formed as a plate 2 and located on the base 1. 
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The base 1 is constructed as a plane base forming a recess 3 within 
which the plate-shaped element 2 is located. The width of the recess 3 is selected in 
such a way that the lateral boundary walls of the recess 3 serve as lateral guide walls 
for the plate-shaped element 2 (with the intermediary of lateral support springs, see 
5 below) which is accordingly enclosed on its underside as well as on its two side 

surfaces by the base 1 in the form of a hollow cross section opening upward. By 
hollow cross section is meant a cross section ensuring a support of the plate-shaped 
element 2 on at least three sides of the same. 

The plate-shaped element 2 should be moved in longitudinal direction 
10 of the recess 3, namely, in direction x or in the opposite direction -x indicated by the 

arrow. 

For this purpose, a plate-shaped piezo bending actuator 4 is provided 
O approximately in the center of the plate-shaped element 2 (seen in its extension in 

movement direction x), passes through the plate-shaped element 2 and protrudes on 
15 both sides thereof by the same distance /. A mass 5 and 6 is arranged respectively 

on both protruding ends. The mass 5 and 6 is shown only schematically in Fig. 1 in 
the form of a cylindrical body extending along the length of the respective end. 

This piezoelectric bending plate actuator (piezo element) 4 is shown 
as a piezoelectric bender or bimorph, as it is called, and has a thickness e. In the 
20 same way, however, the piezo element 6 could also be constructed as a unimorph or 

multimorph, wherein the latter comprises a plurality of right-polarized and left- 
polarized piezo foils which are arranged alternately side by side and form a left and 
right foil stack between which is arranged an insulating foil. 

As is shown only schematically in Fig. 1, a voltage U A is applied to 
25 the piezo element 4, this voltage U A being varied in a suitable manner in order to 

constantly deflect the piezo actuator 4 on both sides of the plate-shaped element 2 in 
the desired adjusting direction (and return it to the initial position again). In so 
doing, shock pulses constantly act on the plate-shaped element 2 and, as a result of 
the impact forces exerted on the latter, cause a stepwise movement of the plate- 
30 shaped element 2 to be carried out by overcoming the friction between the plate- 



shaped element 2 and the floor 7 and side walls of the recess 3. By suitable selection 
of the voltage, a movement can be achieved in direction x as well as in the opposite 
direction -x. However, the adjustment step of the element 2 is only a fraction of the 
excursion distance of the piezo actuator 4. 
5 The piezo actuator is operated in resonance with short frequencies in 

the range of 5 to 50 kHz depending on type, wherein the control voltages are 6 to 40 
V. The step size of known piezo actuators is 0.2 urn and their adjusting speed is 
about 100 mm/s. Known piezo actuators which can be used in this case can move 
masses of up to a maximum of 100 g (also vertically). 

10 As is shown in Fig. 1, the plate-shaped element 2 is provided at its 

two longitudinal sides with laterally projecting spring elements 8 by which it is 
supported on both sides against the side walls of the recess 3 with predetermined 
pretensioning. Spring tongues made of spring steel which are relatively stiff 
considered in the movement direction but which have good elastic deformability at 

1 5 right angles to the movement direction are preferred for this purpose. The 

pretensioning of the spring tongues 8 in the installed state is selected in such a way 
that the friction force occurring between them and the side walls of the recess 3 and 
the friction force occurring at the floor of the recess 3 with the plate-shaped element 
is greater as a whole than the load of the plate-shaped element 2 with the piezo 

20 actuator 4 fastened to it and its weights 5, 6; specifically, it is so much greater that 

the friction which occurs during a movement of the element 2, which is smaller, also 
still always exceeds the above-mentioned load of the element 2 with parts arranged 
thereon. In this way, it is ensured that the element 2 will occupy a secure semi- 
position in case of outage of the drive even with vertical movement. Accordingly, it 

25 is also possible to drive the plate-shaped element 2, e.g., in a vertical or almost 

vertical direction (although the base 1 must be correspondingly constructed in this 
case), which ensures that the plate-shaped element 2 can not fall out of the open side 
of the recess 3. Thus, due to the spring tongues, also when the element 2 moves 
vertically for example, the element 2 remains at the location that has been reached 

30 when the drive is turned off even under the influence of gravitational force. 
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The piezo actuator 4 can be controlled in different ways: The 
electrical control of the piezo actuator 4 can be carried out in any suitable manner 
such as, e.g., with sawtooth pulses (see Fig. 5) or also, e.g., by means of suitable 
rectangular pulses. 

5 When controlled with sawtooth pulses, as is shown in Fig. 5, the 

steep side causes the adjusting step due to a high acceleration of the piezo element 4 
(which must be suitable for overcoming the adhesion friction), while no adjusting 
step occurs with the flat side due to the low acceleration (which can not overcome 
the adhesion friction). 

1 0 The deflection of the piezo element y is plotted over time t in Fig. 5 

which also shows the curve of the voltage U over time t. 

In the initial area I, the relatively flat side of the sawtooth voltage 
brings about a moderate acceleration of the center of gravity of the inert mass in the 
system which was initially at rest; generally, the acceleration force remains less than 

15 the friction force so that no movement occurs. 

A steep side of the sawtooth voltage in the opposite direction follows 
in area II. Due to the sudden strong reversal of polarity of the electric voltage in 
connection with the deflection of the piezo element 4 achieved up to this point with 
the inert masses 5, 6 arranged at this piezo element 4, this steep side leads to a large 

20 shock-like force acting on the element 2 to be moved. The large acceleration of the 

inert mass is clearly shown by the sharp curvature of the path characteristic y(t). 
After this point in time, the sliding movement then generally begins in the friction 
surface, wherein the friction work performed draws mechanical energy from the 
oscillatory system. 

25 In the following phase III, the oscillation amplitude decreases again 

appreciably and the inert mass is again gradually delayed and accelerated back over 
the course of the following flat sawtooth side. 

Finally, in phase IV, after the next positive sawtooth peak is reached, 
a new cycle is begun insofar as the pulse train continues. 
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Fig. 1 further shows that an opening 9 is formed on the floor 7 of the 
recess 3, the width of this opening 9 being somewhat greater than the width of the 
piezo actuator 4. In this way, the piezo actuator can protrude on both sides of the 
element 2 to be moved without impairing the movability of the element 2. 
5 Fig. 2 shows schematically an almost identical arrangement to the 

one shown in Fig. 1, wherein, however, the plate-shaped element 2 to be moved is 
coupled with a path measurement system 10. 

However, in contrast to the embodiment form shown in Fig. 1, the 
piezoelectric actuator 4 in the embodiment form according to Fig. 2 is no longer 
10 an-anged in the center of the plate-shaped element 2 (with reference to the 

longitudinal extension of the element 2), but rather in its front area with respect to 
movement direction x, namely, in such a way that (as is shown in Fig. 2) the piezo 
O actuator 4 is located approximately in the center of the longitudinal extension of the 

ry element 2 lying outside of the bridge 11. 

15 Another change from the construction according to Fig. 1 consists in 

that a pretensioned springing contact pressing device is arranged against the side 
wall of the recess 3 on only one side of the plate-shaped element 2 in the 
arrangement according to Fig. 1 rather than on both sides. As can be seen from Fig. 
2, this is a spring pin 15 which is formed at the side of the plate-shaped element 2 
20 and which is provided with a thickened projection 1 6 on its side located toward the 

facing side wall of the recess 3, which thickened projection 16 rests against this side 
wall in a springing manner. The spring pin 15 is formed as a thin side wall of an 
opening in the element 2, as is shown in Fig. 2. 

In addition to the embodiment form which has already been described 
25 with reference to Fig. 1, a bridge 1 1 with a Hall probe 12 is arranged on the base 1. 

In addition, a permanent magnet 13 is fastened by a suitable connection 14 to the 
upper side of the element 2 to be moved. The relative movement between the 
element 2 and the base 1 can be measured with this measuring arrangement. 

However, all other conventional and known measuring systems in 
30 optical precision instrument construction, e.g., numeric measuring systems or the 



O 
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like, can also be used to measure this relative movement between the element 2 and 
the base 1 . For the sake of simplicity, the electrical connection between the output 
U M and the measuring arrangement and evaluating electronics is not shown in Fig. 2. 

The contact pressing force F Q acting between the projection 16 and 
5 the side wall of the recess 3 comes about due to the elastic bending of the spring pin 

15. In this way, friction forces whose magnitude can be fixed in a defined manner 
can be generated (naturally, these friction forces are in addition to the friction forces 
on the other side of the plate-shaped element 2 with the side surface of the base 1 
located at the latter and on its underside with the floor of the recess 3, at least in the 

10 side areas in which a support takes place). 

Of course* a plurality of springing contact pressure locations of the 
kind mentioned above can be provided along the length of the element 2 on one side 
thereof or on both sides, as can other suitable springing contact pressing devices 
which permit an adjustment of the total friction forces to be overcome by the piezo 

15 actuator 4. 

Fig. 3 shows a perspective schematic view, partially in section, of 
another embodiment form of an adjusting device according to the invention which is 
distinguished by a small and compact size, economic manufacture and particularly 
smooth running. 

20 In this connection, the base 1 is constructed in the form of a hollow 

section (guide pipe) which is rectangular in cross section and which is also open on 
one side (e.g., toward the top in the view shown in Fig. 3) and which can be made, 
e.g., from a fiber-reinforced plastic. 

As is shown in Fig. 3, the element 2 to be displaced is constructed in 

25 the form of a plate which is essentially adapted to the inner cross section of the body 

or base 1. 

The pretensioned spring device by which the element 2 to be moved 
is supported on the base 1 is constructed in the form of spring tongues 8 and 8' 
which are arranged at two opposite sides at the outer circumference of the plate- 
30 shaped element 2 and which project on both sides from a center strip 1 8 extending 
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vertically along this side and are inclined at a slight angle relative to the facing side 
surface of the base 1 and are supported at their free ends in this location. 

The element 2 to be moved has a round opening, e.g., for holding a 
lens 19, having a diameter of 15 mm, for example. 
5 A second plate-shaped element 20 (made of brass) which is shaped in 

the same manner is arranged so as to be offset axially relative to the element 2 by a 
distance A and has no spring tongues on the sides at which the lateral spring tongues 
8 are located in the plate-shaped element 2. Rather, these sides of the element 20 are 
not in contact with the facing side wall of the base 1, but rather form a small gap 
1 0 relative to the latter. 

2 As * s shown in detail in Fig. 3, the plate-shaped elements 2 and 20 are 

connected with one another at their end areas adjacent to the two facing side surfaces 
O of the base 1 by means of two piezoelectric plate actuators 21 and 22, wherein the 

«j piezo actuators 21 and 22 extend parallel to the respective side walls of the base 1 

15 and are suitably fastened by their end faces to the elements 2 and 20, respectively. 

O A measuring head 23 (e.g., a measurement light barrier) which can 

fU 

scan a code 25 (in the form of a bar code or measurement strip, for example) 

I:! 

~ arranged on the facing base surface 24 of the base 1 with reference to the movement 

^ direction of the arrangement is arranged at the surface of the plate-shaped element 2 

20 located in front with respect to the movement direction. 

As is shown only schematically in Fig. 3, the electrical pulses for the 
piezo plates 21, 22 are supplied by regulating electronics 26 which are connected in 
turn to measurement electronics 35 which are connected to the measuring head 23 
and which trigger the sinusoidal path measurement signal supplied by the measuring 
25 head. This arrangement, which is only shown schematically, makes it possible to 

accurately approach, e.g., a reference position for the element 2 to be adjusted which 
can be predetermined by a device, not shown. 

Finally, Fig. 4 shows another embodiment example for an adjusting 
device according to the invention in the form of a piezoelectric linear drive module 
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which is coupled with a path measuring system. The drawing shows an oblique 
perspective (with a partial sectional view). 

In this case, the base 1 is plate-shaped and carries, approximately in 
its center, a code 25 in the form of a grid scale (e.g., with a grid spacing of 20 urn). 
5 A cover 27 which is U-shaped in cross section is arranged on the base 

1 . On its side opposite the base 1, the cover 27 is provided with a longitudinal slot 
28 oriented to the code strip 25. 

An element 2 to be moved is provided inside the hollow cross section 
formed by the base 1 and cover 27. This element 2 is movable in longitudinal 

10 direction of the overall arrangement, that is, in longitudinal direction of the slot 28, 

by a piezoelectric drive which will be described more fully in the following. A 
measuring or reading head 23 for scanning the code 25 is provided at the side of the 
element 2 located in front with respect to the movement direction. A reflected light 
barrier or an optoelectronic transmitter and receiver can be used, for example, as a 

1 5 measuring head of this kind. 

The element 2 is so constructed in cross section that it essentially fills 
the free interior space between the cover 27 and the base 1 in cross section and is 
provided at its upper side with a blocking projection 29 which projects into the 
longitudinal slot 28 and preferably runs up to the outer surface of the corresponding 

20 side of the cover 27. An internal thread 30, for example, for screwing on a part to be 

moved is arranged in this blocking projection 29 outside of the overall arrangement 
shown in the drawing. 

As can be seen from the view in Fig. 4, the element 2 forming the 
displacing body has spring elements 8 and 8', respectively, on its side facing the 

25 observer as well as on its side facing the base 1. These spring elements 8 and 8* are 

constructed as spring tongues which proceed from a center strip 18 and extend in the 
movement direction and opposite the movement direction and project in each 
instance over the corresponding front side and back side of the displacing body 2. 
These spring tongues 8 and 8* are inclined at a small angle to the facing contact 

30 surface (that is, toward the respective lateral side of the cover 27 or base 1), where 
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they make springing contact with their end areas. An excellent displacing support of 
the displacing body 2 which is free of play is achieved by this arrangement of the 
spring elements 8 and 8\ 

The driving of the displacing body 2 is carried out by means of a 
5 pj ate- shaped piezo actuator 3 1 which is fastened to the displacing body 2 on the side 

of the latter located opposite the measuring head 25, extends parallel to the base 1 
and has a block-shaped mass body or inertia body 32 at its free end; however, this 
mass body or inertia body 32 has no independent springing support relative to the 
base 1 and side walls of the cover 27 (as can also be seen from Fig. 4), but rather is 

10 fastened freely to the end of the piezoelectric actuator 31. A piezoelectric plate with 

top and bottom electrodes and, for example, with a length of 8 mm, a width of 16 
mm and a thickness of 0.5 mm is preferably used as a piezo actuator 31. 

The electric piezo actuator 31 and the measuring head 23 can be 
controlled via electric connections 33 which, as is shown in Fig. 4, exit on the top of 

15 the displacing body 2, namely, in a gap formed between one side of the block 

projection 29 and the facing side of the longitudinal slot 28. 

The spring tongues 8 and 8 1 provide for the desired friction force 
(which is particularly important with respect to a vertical movement) and for guiding 
the displacing body without play within the follow space formed by the cover 27 and 

20 base 1. 

The piezoelectric linear drive modules which are shown in Fig. 3 or 
Fig. 4 are very well-suited for use in incremental path measuring systems, wherein 
the very inexpensive manufacture and simple design solution are also particularly 
remarkable for the low cost of the piezo plate. Both embodiment forms operate 

25 extensively without noise, which is likewise a great advantage. 

Fig. 6 shows a schematic view of another adjusting device in which 
the body 1 forming the friction base is constructed as a sleeve-shaped tube. The 
view in Fig. 6 is executed in such a way that the sleeve-shaped body 1 is cut along a 
diameter but the adjusting device located therein is not shown in section, the whole 

30 being shown in perspective. 
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In this case, a disk-shaped piezo element 40 which is supported on 
the inner surface of the sleeve-shaped body 1 by spring elements 41 (shown only 
schematically in Fig. 6) is provided as piezoelectric actuator. 

The element 2 to be moved which can be formed in the present 
5 embodiment example, e.g., by a lens group (not shown) and which is constructed in 

a tubular manner and is arranged concentrically within the sleeve-shaped body 1 is 
centrally connected with the disk-shaped piezo element 40 by an elastic coupling 
member 42, wherein an added mass 45 (which, as is shown in the present 
embodiment example, can also comprise an end portion of the tubular body 2 which 
10 is guided through the disk-shaped piezo actuator 40 and projects over its opposite 

side) is arranged at the piezo element 40 on the opposite axial side. 

A guide disk 43 which is supported on the radial outside opposite to 
the inner side of the sleeve-shaped body 1 by one or more spring elements 44 serves 
to guide and reinforce the body 2 and the lens group which forms the latter. 
15 The disk-shaped piezo actuator 40 used in this case causes a 

translational movement of the system comprising itself, the mass 45, the elastic 
coupling member 42, the connected lens group 2 and the guide disk 43 and spring 
elements 41 and 44. 

The size of the mass 45 connected to the disk-shaped piezo actuator 
20 40 corresponds to about 50% of the mass of the disk-shaped piezo actuator 40 and 

elastic head element 42. 

As is shown only schematically in Fig. 6, the disk-shaped piezo 
actuator 40 is controlled via electric connections 46 across which a voltage U A is 
applied, resulting in an accelerated bending of the disk-shaped piezo actuator 40 in 
25 the form of defined positive or negative voltage pulses. In this case, for example, a 

bending of the piezo actuator 40 takes place in -x direction which, due to the inertia 
of the disk-shaped piezo actuator 40 in connection with the mass 45 and the action 
of the spring elements 41, causes a movement of the system in +x direction. A 
movement of the lens group 2 in the opposite direction is generated in an analogous 
30 manner when the polarity of the voltage is reversed. 
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While the foregoing description and drawings represent the present 
invention, it will be obvious to those skilled in the art that various changes may be 
made therein without departing from the true spirit and scope of the present 
invention. 



ABSTRACT OF THE DTSCLOSI TR R 
In an adjusting device for displacing individual elements of optical systems or of 
measuring systems in which the element to be displaced is movable on a base along a 
predetermined direction by means of a piezoelectric actuator arrangement which is supported by 
the element and which is constructed and controllable in such a way that it exerts shock pulses 
on the element in order to carry out a stepwise movement of the element on the base, the element 
is arranged in a body which has an open or closed hollow cross section and is supported in a 
factional engagement on this body, at least at one location, with the intermediary of a 
pretensioned spring device. 



